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(&) Therrhochromic opaque composition and uses thereof. 

• - ■ ■ , . . 

There are provided a thermochromic opaque composition capable of exhibiting, change in transpa- 
rency together with change in color in response to temperature variation; a laminate member employing 
the same, and a three-dimensional article capable of concealing and revealing the interior,, utilizing the 

laminate member. '. 

The thermochromic opaque composition is formed by dispersing a thermochromic matenal, capable 
of developing and erasing color by an electron donating-accepting reaction, in small particles in vinyl 
chloride-vinyl acetate matrix resin. 

The above-mentioned structure realizes reversible change in transparency, together with change in 
color, in response to temperature variation, with hysteresis with a temperature difference of 10 C C at 
minimum to 50 : C between the high and low trigger temperatures. 
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. The present invention relates to a thermochromic opaque composition, a laminate member employing the 
samei and a t hree-dimensional member employing said laminate member and capable of concealing and -re- 
vealing the interior. More particularly, v the'present'invention relates to a thermochromic opaque composition 
of which transparency/opacity reversibly varies with certain hysteresis, together with color change, in response 
5 . to temperature variation, a laminate member employing said composition, and a three-dimensional member 
employing said laminate member and capable of concealing and revealing the interior. - 

In the field of thermochromic material capable of reversible color change in response to temperature va- 
" " • " • nation, there is already known, as disclosed in the Japanese Patent Publications Nos. 51-44706 and 51-44707, 
a material effecting a color-generating reaction between an electron donating compound and a phenolic com- 

: ip pound in the presence of a compound having an alcoholic hydroxyl radical. 

Also as an application of such thermochromic material, the Japanese Patent Publication No. 51-35216 
discloses 'a thermoplastic polymer composition comprising (a) -an electron donating color-developing com- — 
\ pound, (b) a compound having a phenolic hydroxyl radical, (c) a compound selected from alcohols, esters, ke- 
tones and ethers, and (d) thermoplastic polymer. 
15 ' '" Such' prior technologies are featured by reversible color change. Although there is described that a vari- 
ation in the transparency/opacity occurs together with the color change, the mixture of the components (a), J 
■ (b) and (c) in the; above-mentioned invention, simply added in the thermoplastic resinous polymer has been 
' associated with drawbacks of significant loss in the developed color density and in the sensitivity of color 
change due to the polar effect of said thermoplastic polymer. Also in the thermoplastic polymer composition 
20 of the above-mentioned invention, the thermoplastic materials consisting of the components (a), (b) and (c) 
' are often liquidous already at the room temperature or at the color change, whereby there is often encountered 
* so-called bleeding phenomenon in which one of said three components is separated on the resin surface in 
the initial stage after the preparation of the thermoplastic polymer composition, or after repeated color changes 
thereof. For these reasons it has been practically difficult to stably maintain the aforementioned three com- 
. , 25 ponents in the thermoplastic polymer for a prolonged period, with satisfactory color changes in repeated tem- 
perature variations. 

The thenmochromic material of the above-explained three-component system; capable of showing color 
change only when three components are present together, is usually incorporated in microcapsules and pro- 
tected by the microcapsule wall. As a result; said material is rendered stable against the external chemical or 
30 thermal actions and applicable to various purposes. 

However, said three components are converted into a kind of solid pigment by said microencapsulation, 
. and. when such microencapsulated pigment is dispersed in vehicle resin, transparency thereof is significantly 
lowered by the surfacial light scattering specific to the pigment even if the vehicle resin itself is transparent. 
Such vehicle layer is capable of concealing and revealing an underlying picture when it is practically adhered 
35 to said vehicle layer, but such underlying picture cannot be viewed through the microcapsule-containing vehicle 

layer if said picture is separated therefrom by a certain distance. 

Thus, in case the conventional three-component thermochromic material is directly incorporated in the 
; resin without microencapsulation, it has been practically difficult to obtain a composition which clearly reveals 
the interior of a three-dimensional object, with satisfactory color change, in response to temperature variation 
' 40 in stable manner. 

On the other hand, a composition capable of causing a change in transparency/opacity is disclosed in the 
U.S. Patent No. 4,268,41 3. Said composition is composed of an organic substance and an optically transparent 
polymer material and has tern peraiture-de pendent light absorption, in which the refractive index of said organic 

substance coincides with that of the polymer material according to temperature variation, thereby reversibly 

....... ♦ ' ■ 

•'• 45 inducing a change in transparence/opacity. * 

The above-mentioned composition reversibly repeats the change between transparent and opaque states - 
according to temperature variation. Basically the transparent state is colorless, and the opaque state is white. 
' \ It is basically unable to show a change in the hue, for example between blue and pink. Also said optically trans- 
parent polymer material is determined by the relation with the organic substance in refrac^^ 
' 'so . namely by the physical factor only, and does not involve a change in the hue! 

The present invention is to provide a novel thermochromic opaque composition capable of stably and re- 
1 versibly exhibiting generation and extinguishing of color and change between transparent and opaque states 
by an electron donating-acceptihg reaction, which cannot be realized in the aforementioned thermoplastic com- 
position or opaque material utilizing the conventional thermochromic material, and also to provide a laminate 
55 member employing said novel composition and a three-dimensional article employing said laminate member. 

In the course of investigations to reach the thermochromic opaque composition of the present invention, 
" / the present inventors have noticed the usefulness if the aforementioned reversible thermochromic material of 

three components can be stably maintained in vinyl chloride-vinyl acetate copolymer resin without microen- 
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capsulation. • • . • , 

As a result, the thermochromic opaque composition capable of extremely stably maintaining said three 
■ components has been developed, based on a finding that the reversible thermochromic material consisting 
of said three components exists extremely stably in repeated heating/cooling cycles when said three compo- 
5 nents are dispersed, in mutually uniformly dissolved state, as small particles in vinyl chloride-vinyl acetate co- 
polymer resin, and a novel finding beyond expectation that such dispersion in small particles results in signif- 
icant hysteresis in the color change and in the accompanying change in transparency. 

Conventionally, in order to. obtain significant hysteresis in thermochromism, there has been required a 
compound of a special structure or a special thermal property in the component (c), and the extent of such 
10 hysteresis has been limited, as disclosed in.the Japanese Patent Publication No. 4-17154. The present inven- 
tion realizes significant hysteresis in the thermal property of the component (c) itself, or in the change in color 
and in transparency of the thermochromic material consisting of the aforementioned three components (a), 
(b) and (c), without relying solely on the thermal property of said component (c) but by the effect of fine particle 
formation. Based on these findings, the present inventors have completed the thermochromic opaque com- 
15 - position capable of exhibiting stable hysteresis even in repeated cycles, without microencapsulation of the 
three-component thermochromic material, and also without the conventional loss in color density and in sen- 
sitivity of color change in such three-component thermochromic system. 

The present invention relates to a thermochromic opaque composition, a laminate member employing the 
same, and a three-dimensional, article capable of concealing or revealing the interior, utilizing said laminate 

20 member. • • 

At first there will be explained said thermochromic opaque composition of the present invention. 4 
Said composition is composed of dispersion in small particles, in vinyl chloride-vinyl acetate copolymer 
vehicle resin, of a reversible thermochromic material consisting of (a) an electron-donating. cojor-developing 
: organic compound, (b) a compound having a phenolic hydroxyl radical, and (c) a compound selected from al- 
• 25 cohols, esters, ketones and carboxylic acids, and is featured by a change in transparency together with a 
change in color depending on the temperature variation, with hysteresis with, a difference in the trigger tern- 
peraturesof high and low temperature sides at least equal to 10°C and not exceeding 50°C. 

The reversible thermochromic opaque composition of the present invention has a low trigger temperature 
and a high trigger temperature, and undergoes a basic change of being colored and opaque below said low 
30 trigger temperature, and colorless and transparent above said high trigger temperature. 

' Said trigger temperature means a temperature where a "change" occurs in the color and/or transparency. 
Afirst feature of the present invention lies in a fact that the above-mentioned three components are dis- 
persed, in a mutually dissolved uniform state, stabiy as small particles in vinyl chloride-vinyl acetate copolymer 
vehicle resin so as to be capable of withstanding repeated changes. More specifically, if the three-component I 
35 thermochromic material is dispersed as particles with a diameter within a range of 0.1 to 2.0 urn, preferably 
0.2 to 1.5 u.m, said particles are extremely stably maintained in the vinyl chloride-vinyl acetate copolymer ve- 
hicle resin, while repeating liquid/solid.changes in the heating/cooling cycles. In this respect, the vinyl chloride- 
• vinyl acetate copolymer resin plays an important and effective role in the dispersibility of the three-component 
thermochromic material. The present inventors estimate that the particles of said three-component triermo- 
40 chromic material can stably exist inside the resin as they are more stabilized, within a particle size range of 
0.1 to 2.0 urn, in terms of free energy. Above about 2'u.m, said material tends to bleed to the resin surface by 
repeated heating/cooling cycles. The particles of a larger diameter tend to become unstable in the matrix resin, 
because of increased free energy..On the other hand, at a particle diameter below 0.1 u.m, the opacity below 
the low trigger temperature is lost because the visible light can be transmitted. Thus, because of 
45 • translucency, there cannot be obtained a satisfactory change between the transparent and opaque states. A 
■ ' second feature of the present invention- lies .in a fact that the dispersion of said three components as small 
particles in the vehicle resin provides a particular effect in the change of color and transparency. More spe- 
cifically, such dispersion has a low trigger temperature and a high trigger temperature, and is colored and opa- - 
que below said low trigger temperature and colorless and transparent above.said high trigger temperature, 
so ' wherein the difference between said two trigger temperatures is about 10°C to 50°C, exhibiting very clear hys- . 
. teresis. ■• * . 

In the course of investigation for the physical property of aforementioned component (c), the present in- 
■ ventors have obtained a finding that the melting point of such component is almost uniquely determined by 
the compound itself, while the solidifying point (or cloud point) varies significantly by the collective amount of 
55 the compound, or. the capacity thereof. More specifically, the solidifying point (or cloud point) of a compound 
- ' becomes lower as the collective amount thereof becomes less, for example in the stepwise order when said 
compound is present by an amount of 30 ml. in a beaker of 50 ml., when it is sealed with a length of 1 mm in 
a capillary with an internal diameter of 1 mm, and when it is present as a small particle of 0.5 urn. In further 
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details, the solidifying point is governed by the crystal nucleation rate and the crystal growth rate, and the 
crystal growth becomes difficult when the particle diameter of compound becomes smaller than about 2 jim 
because of the reduced crystal nucleation': As a result, solidification does not start unless the compound is 
cooled to a lower temperature. In particular, a significant change in the solidifying point can be observed around 
a particle size of 2 ^m. 

Furthermore, in order to satisfactorily realize the aforementioned effect of the present invention, the par- 
ticles should preferably be present in substantially independent state. Said particles, if present in a clustered, 
or coagulated form or in a state involving precipitation in the interior or at the surface, show a local or overall 
variation of the solidifying point. Such particles are not only unable to exhibit a sharp state change but also 
' unable to stay stably in the vehicle resin; thus leading to bleeding phenomenon and resulting in unsatisfactory 
stability. The present inventors have succeeded in shifting the low trigger temperature significantly to the lower 
temperature side, by dispersing the aforementioned three-component thermochromic material in single par- 
ticles, with a particle size of 0.1 to 2.0 urn, in vinyl chloride-vinyl acetate. copolymer vehicle resin. At the same 
time the change in. transparency/opacity occurs, whereby unique hysteresis can be realized. -The width of hys- 
teresis of the thermochrornic opaque composition of the present invention is about 10°C to 50°C. 
* In the following there will be given an explanation on the vehicle or matrix resin. 

As already mentioned before, the three-component thermochromic material is susceptible to external 
chemical influences, and the matrix resin may exert such influence. 

■ For example, 1 00% polyvinyl chloride resin tends to generate hydrogen chloride by gradual dechlorination 
reaction even in the ordinary storage condition, thereby inducing irreversible color generation of the electron- 
donating color-developing organic compound. Also 100% polyvinyl acetate resin strongly desensitizes the 
three-component thermochromic material by the strong polarity of vinyl acetate radical, whereby the thermo- 
chromic property is almost lost. For these reasons, either resiri in single state is unsuitable as the matrix resin 
of the present invention. On the other hand, copolymer of vinyl chloride and vinyl acetate with a suitable mono- 
mer ratio is not only practically free from dechlorination reaction but also provides the three-component ther- 
mochromic material with a satisfactory atmosphere which is practically free from the desensitizing effect of 
polyvinyl acetate resin. Vinyl chloride-vinyl acetate copolymer resin is selected as the matrix resin for such ab- 
sence of irreversible color generation and practical absence of desensitization. Also hydrocarbon resins of 
smaller polarity and halogen-containing resins do not have the permanent desensitization effect and the strong 
color generating effect mentioned above, but such resins dissolve or mutually, dissolve with the three- 
component thermochromic material in unlocalized state, instead of dispersed state. As a result, said material, 
being diffused in the matrix resin, significantly loses the thermochromic effect' and also tends to lose the 
change between the transparent and opaque states. Stated differently, excellent thermochromic property and 
change in transparency of the three-component thermochromic material can be obtained when it is dispersed 
as small particles in the matrix resin. 

Also in case of mutual dissolution, the compounds tend to bleed in the initial stage of preparation or with 
the lapse of time and are therefore extremely unstable. For these reasons, dispersion in small particles is an 
important factor in the present invention. Consequently the composition of the present invention is completely 
different from a composition in which the organic compound alone is dispersed in the matrix resin to induce a 
change in the transparency in response to a temperature variation, and the matrix resin assumes the following 
composition in order to realize the changes in color and transparency. 

-The matrix resin to be employed in the present invention is assumed to be practically transparent optically, 
and, for such resin, there is employed vinyl chloride-vinyl acetate copolymer resin having an average molecular 
weight within a range from 7,000 to 50,000 and a monomer weight ratio with vinyl chloride from 60 to 92% and 
vinyl acetate from 8 to 40%. 

Other monomer components, for example hydroxyl radicals, may be present with a monomer ratio not ex- 
ceeding. 7 wt.%. However, carboxyl radicals are excluded because they induce irreversible color generation. 
"'Also another mutually soluble resin may be mixed, with a weight ratio not exceeding 30%, to the vinyl chloride- 
vinyl acetate copolymer resin. Such minor resin component is employed for example for providing adhesive 
property at the secondary working, improving the film strength etc., within an extent not affecting the basic 
functions of the present invention, namely changes in color and transparency in response to temperature va- 
riation. , . 

Examples of such other mutually soluble resin include denatured alkyd resin, unsaturated polyester resin, 
saturated polyester resin, epoxy resin, amino resin, polyurethane resin, oil-soluble cellulose resin, hydrocarbon 
resin, vinyl acetate resin, butyral resinracrylic resin, methyl methacrylate resin, styrenebutadiene.copolymer 
resin, ethylene-vinyl acetate copolymer resin, chlorinated-polypropylene resin, polyamide resin, styrene resin, 
acrylate-styrene copolymer resin, styrene-maleic acid copolymer resin,- chlorinated rubber, silicone resin, vinyl 
• chloride-acrylate copolymer resin and ketone resin. 
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* The electron donating color-developing organic compound to be employed in the.present invention is com- 
posed of so-called leuco dye, capable of developing color by a compound having a phenolic hydroxyl radical, 
and selected from diphenylrhethane phthalides, fluoranes, diphenylmethane azaphthalides, indolyl phtha- 
lides, phenylihdolyl phthalides, phenylindolylazaphthalides and styrylquinolines. 

Examples of such organic compound include 3.3-bis(p-dimethyiaminophenyl)-6-dimethylaminophthalide, 
3-(4-dietriylaminophenyl)-3-(1-ethyl-2-methylindol-3-yl) phthalide, 3-{4-diethylamino-2-ethoxyphenyl)-3-1- 
ethyl-2-methylindol-3-yl)-4«azaphthalide, 1 ,3-dimethyl-6-'diethylaminofluorane. 2-chlord-3-methyl-6- 
dimethylaminofluorane, 3-dibutylamino-6-methyl-7-aniiinofluorane, 3-diethylamino-6-methyl-7-anilinofluor- 
ane, 3-diethylamino-6-methyl-7-xylidinofluorane, 2-(2-chloroanilino)-6-dibutylaminofluorane, 3,6-dimethoxy- 
fluorane, 3,6-di-n-butoxyfluorane, 1,2-benz-6-diethylaminofluorane, 1;2-benz-6-dibutylaminofluorane, 1,2- 
benz-6-ethylisoamylaminofluorane, 2-methyl-6-(N-p-to!yl-N-ethylamino)fluorane. 2-(N-phenyl-N-methylami- 
no)-6-(N-p-tolyl-ethylamino)fluorane, ■ 2-(3 , -trifluoromethylanilino)-6-diethylaminofluorane, 3-chloro-6- 
cyciohexylaminofluorarie, 2-methyl-6-cyclohexylaminofluorane and 3-methoxy-4-dodecoxystyrylquinoline.v 
The compound having a phenolic hydroxyl radical can be monohydric, dihydric or polyhydric phenol, even- 
tually having alkyl, aryl, acyl, alkoxycarbonyl, carboxyl or ester thereof, or amido radical or. a halogen atom as 
the substituent of the benzene ring, or can be bis- or trisphenol. Examples of such phenolic compound capable 
of developing color in the electro-donating color-developing organic compound include phenol, o-cresol, tert- 
butylphenol, nonylpheno!, n-octylphenol, n-dodecylphenol, n-stearylphenol, p-chiorophenol, p-bromophenol, 
o-phenylphenol, n-butyl p-hydroxybenzoate, n-octyl p-hydroxybenzoate, n-dodecyl p-hydroxybenzoate t resor- 
cin, dodecyl gallate, 2.2-bis(4'-hydroxyphenyl)propane, 4 t 4'-dihydroxydiphenylsulfone, 1,1-bis(4'-hydroxyphe- 
nyl)ethane, 2.2-bis(4-hydroxy-3-methylphenyl)propane, bis(4*-hydroxyphenyl)methane f : bis(4-hydroxyphe- 
ny()suifide, 1-phenyj-1 ,1-bis(4'-hydroxyphenyl)ethane ; 1,1-bis(4 , -hydroxyphenyl)-3-methylbutane, 2,2-bis(4'- 
: hydroxypheriyl)butane. 2,2-bis (4'-hydroxylphenyl)ethyl propionate, 2,2-bis(4 , -hydroxyphenyl)-4-methylpenr 
tane. ' 1 ,1-bis(4'-hydroxyphenyl)-2-methylpropane, 2-,2-thiobis(6-tert-butyl-3-methylphenol) l 2,2-bis(4'-hy- 
droxyphenyl) hexafluoropropane, 1,1-(4 J -hydroxyphenyl)n-hexane, 1,1-bis(4'-hydroxyphenyl)n-heptane. 1.1- 
•bist^-hydrbxyphenyOn-octane, 1,1.bis(4 , -hydroxyphenyl)n-nonane, 1,1-bis(4^hydroxyphenyl)n-dec^ne,^^^ 
bis(4 ; -hydroxyphenyi)n-dodecane, 2;2-bis'(4'-hydroxyphenyl)n-heptane, and 2,2-bis(4 , -hydroxyphenyl)n-nbn- 

ane. ; - / 
■" In general, the phenolic compound has a relatively high polarity, because of the phenolic hydroxy! radical 

thereof; and is therefore poorly soluble in the component (c) of low polarity, v 

In the three-component thermochromic material dispersed in the matrix resin, such poor solubility tends 
to cause precipitation of separation of the phenolic compound and the component (c), thus resultingjnbleedirig 
or hindering satisfactory reversible color change; J - '- ■ 

For this reason, a phenolic compound, represented by the following general formula is preferably employed 
as 100 wt.%, or at least" 50 wt.% of the component having phenolic hydroxyl radical. The compound of the fol- 
lowing general formula is particularly preferable as the phenolic compound showing satisfactory solubility in ; 
said component (c): .* '_»•;' 




wherein R1 stands for H or CH 3 ; R2 stands for C n H 2n+1 (4 < n < 11) which is a straight- or branched-chain alkyl 
radical; or R1> R2 = CF 3 ; and X stands for a substituent on aromatic ring which is H orCH 3 . 

• Non-limitative examples of the compound of the foregoing general formula include l,l-bis(4-hydroxyphe- 
nylH-methylbutane, 1,1-bis(4'-hydroxyphenyi)n-pentane, 1.1-bis(4'-hydroxyphenyl)n-hexane, 1 ,1-bis(4'-hy- 
droxyphenyiyn-heptane, 1,1-bis(4'-hydroxyphenyl)n-octane, IJ-bis^'-hydroxyphenyOn-nqnane, 1;1-bis{4'- 
•hydroxyphenyl)n-dodecane, 2,2-bis-(4 , -hydroxyphenyl)n-heptane, 2,2-bis(4-hydroxyphenyl) n-nonane, 1,1- 
bisCS'-methyl-^-hydroxyphenylJn-hexane.^and 2,2-bis(4 , -hydroxyphenyi)-hexafluoropropane. 

Alcohols to.be employed in the pres nt invention are saturated aliphatic monohydric alcohols with'ten or 
more carbon atoms. Examples of such alcohols' include decane-1-ol, undecane-1-ol, lauryl alcohol, tridecane- 
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1-61, myristyl alcohol, pentadecane-1-ol, cetyl alcohol, heptadecane-1-ol, stearyl alcohol, pctadecane-2-ol, ei- 
1 • cosane-1-ol, docosane-1-ol, and 6-{perfluoro-7-methyloctyl)hexanol; * 
: " ' ■ Esters employable in the present invention can be classified into following four categories (a) - (d): 

(a) an ester consisting of a monobasic aliphatic acid and an aliphatic or alicyclic monohydric alcohol and 
5 ' haying 10 or more carbon atoms in total; - . - • 

''',*' (b) a polybasic acid ester consisting of a bt- or polybasic carboxylic acid and an aliphatic or alicyclic mono- 

riydric alcohol and having 28 or more carbon atoms in total; 

(c) an ester consisting of an aliphatic di- or polyhydric alcohol and a monobasic aliphatic acid and having 
26 or more carbon atoms in total; and 
10 (d) ian ester-consisting of an aromatic dihydric alcohol and a monobasic fatty acid and having 28 or more 

: carbon atoms in total. 

In the following there are shown examples of the esters (a), consisting of a monobasic fatty acid and an 
. aliphatic or alicyclic monohydric alcohol and having -10 or more carbon atoms in total. Esters with 9 or less car- 
bon atoms in total scarcely provide opacity even below the low trigger temperature, because such esters are 
15 " - mutually soluble with the matrix resin due to the increased polarity of the molecule. Also esters containing ar- 
omatic ring are very poor in providing opacity. 

"'■ Examples of said ester (a) include ethyl caprylate, n-butyl caprylate, n-octyl caprylate, lauryl caprylate, 
cetyl caprylate, stearyl caprylate, n-butyl caprate, n-hexyl caprate, myristyl caprate, docosyl caprate, methyl 
laurate, 2-ethylhexyl laurate, n-decyl laurate, stearyl laurate, ethyl myristate, 3-methylbutyl myristate, 2-me- 
20 thylpentyl myristate, n-decyl myristate, cetyl myristate, stearyl myristate, isopropyl palmitate, neopentyl pal- 
mitate, n-nonyl palmitate, n-undecyl palmitate, lauryl palmitate. myristyl palmitate, cetyl palmitate, stearyl pal- 
mitate, cyclohexyl palmitate, cyclohexylmethyl palmitate, methyl stearate, ethyl stearate, n-prbpyl stearate, n- 
butyl stearate; h-amyl stearate, 2-methylbutyl stearate, n-hexyl stearate, n-hepty! stearate, 3,5,5-trimethylhex- 
yl stearate, n-octyl stearate, 2-ethylhexyl stearate, n-nonyl stearate, n-decyl stearate, n-undecyl stearate, laur- 
25 yl stearate, n-tridecyl stearate, myristyl stearate, n-pentadecyl stearate, cetyl stearate, stearyl stearate, eicosyl 
. stearate, n-docosyl stearate, cyclohexyl stearate, cyclohexylmethyl stearate, oleyl stearate, isostearyl stear- 
: ate, n-butyl 12-hydroxystearate, n-methyl behenate, n-ethyl behenate, n-propyl behenate, isopropyl behenate^ 
n-butyl behenate, isobutyl behenate, 2-methylbutyl behenate, n-amyl behenate, neopentyl behenate, n-hexyl - 
v behenate, 2-methylpentyl behenate, n-heptyl behenate, 2-ethylhexyl behenate, n-nonyl behenate, myristyl be- 
30 ■ henate, n-uridecyi: behenate, lauryl behenate, n-tridecyl behenate, myristyl behenate, n-pentadecyl behenate, 
cetyl behenate, stearyl behenate, and behenyl behenate. 

\n the following there are shown examples of the polybasic acid esters (b), consisting of an aliphatic di- 
or polybasic carboxylic acid and an aliphatic or alicyclic monohydric alcohol and having 28 or more carbon 
atoms in total. - < 

35 Esters with 27 or less carbon atoms in total do not provide opacity even below the low trigger temperature, 

since such esters are mutually soluble with the matrix resin due to the increased polarity of the molecule. Also 
' " esters containing 1 aromatic ring do not provide opacity. . - . , 

• l - Examples of such esters include dimyristyl oxalate, dicetyl oxalate, dilauryl malonate, dicetyl malonate, 
distearyl malonate, dilauryl succinate, dimyristyl succinate, dicetyl succinate, distearyl succinate, dilauryl glu- 
" 40 tarate, diundecyl adipate, dilauryl adipate, di-n-tridecyl adipate, dimyristyl adipate, dicetyl adipate, distearyl 
' ; " ; adipate, di-n-docosyl adipate, di-n-decyl azelate. dilauryl azelate, di-n-tridecyl azelate, di-n-nonyl sebacate, 
' dimyristyl sebacate, distearyl sebacate, di-n-pentyl 1 ;18-octadecylmethylenecarboxylate, di-n-octyl 1,18-oc- 
"* tadecylmethylenecarboxylate; di-(cyclohexylmethyl) 1 ,18-octadecylmethylenecarboxylate, and di-neopentyl 

1 ,1 8-octadecylmethylenecarboxylate. 
45 ■ In the following there are shown examples of the esters (c), consisting of an aliphatic or alicyclic di- or 
polyhydric alcohol and a monobasic fatty i acid and having 26 or more carbon atoms in total. Said examples 
" • include ethyleneglycol dimyristate. ethyleneglycol dipalmitate, ethyleneglycol distearate, propyl eneglycol di- 
' ' " " : laurate, propyleneglycol dimyristate, propyleneglycol dipalmitate, butyleneglycol distearate, hexyleneglycol dl- 
laurate, hexyleneglycol dimyristate, hexyleneglycol dipalmitate, hexyleneglycol distearate,1,5-pentanediol dis- 
50 tearate/1,2,6-hexanetriol dimyristate, pentaerythritol trimyristate, pentaerythritol tetralaurate, 1,4-cyclohexa- 
; nediol didecyl, i,4-cyclohexanediol dimyristyl, i ,4-cyclohexanedimethanol dilaurate, and 1,4-cyclohexanedi- 
'• methanol dimyristate. ■ ■' ■ - • . . .. 

-In the following there are shown examples of the esters (d), consisting of an aromatic dihydric alcohol and 
a monobasic fatty acid and having 28 or more carbon atoms in total. 
,fc 55 Said examples include xyleneglycol dicaprinate, xyleneglycol di-n-undecanate, xyleneglycol dilaurate, xy- 

' ^leneglycol dimyristate, xyleneglycol dipalmitate; and xyleneglycol distearate.* 
" r " - Ketones to be employed in this invention are those having 1 0 or more carbon atoms, and examples of such 
ketones include decane-2-one. undecane-2-one. laurone arid stearone. 
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■ Carboxylic acids to be employed in this invention are higher fatty acids having 12 or more carbon atoms, 
and examples of such acids include tauric acid, myristic acid, palmitic acid;, stearic acid and behenic acid. 

■The component (c) is composed of one or more compounds selected from the above-mentioned alcohols, 
■ esters, ketones and carboxylic acids. The combined use of plural compounds provides an advantage of in- 
5 creased freedom in setting the trigger temperatures for causing changes in color.and transparency. 

Then, as a condition for inducing changes in color and transparency in response to a temperature variation, 
the ratio of the three-component thermochromic material with respect to the matrix resin is an important factor 
in the determination of the density in the transparent/opaque change and in the color change. 

For example; when the electron-donating color-developing compound (a) and the phenolic compound (b) 
10 are respectively used with 0.2 and 0.8 parts by weight in 6 parts by. weight of the matrix resin, stearyl caprate 
with 28 carbon atoms as the component (c) in an amount of 0.3 parts by weight provides very low opacity below 
the low trigger temperature: On the other hand, if said component (c) is used in an amount of 7.0 parts by 
weight, the opacity below the low trigger temperature increases significantly but the transparency above the 
■ y high trigger temperature is reduced so that the composition is practically no longer transparent. For this reason, 
. 15 ' in order to attain thermochromic change together with color change with a satisfactory contrast, the ratio of 
addition of the three-component thermochromic material is limited, with respect to 6 parts by weight of vinyl 
chloride-vinyl acetate copolymer resin, 0.05 - 2.0 parts by weight of the electron-donating color-developing or- 
ganic compound (a), 0:1 - 3.0 parts by weight of the compound (b) with phenolic hydroxyl radical, and 0.5 - 
5.0 parts by weight of said compound (c). 
20 A more preferable range of addition is, with respect to 6 parts by weight of vinyl chloride-vinyl acetate co- 

* polymer resin, 0.1 - 0.5 parts by weight of the organic compound (a), 0.2- 1.2 parts by weight of the compound 
' (b) with phenolic hydroxyl radical, and 1.0 - 3.0 parts by weight of the component (c). 

In the following there will be explained the method of preparing the thermochromic opaque composition ; 
of the present invention. In order.to stably attain the most important feature of the present invention, namely 
25 changes in color and transparency in response to temperature variation, the reversible thermochromic material 
< consisting of the components (a), (b) and (c) is preferably dispersed, as already explained before, in a state 
of particles of 0.1 - 2.0 um, in the vinyl chloride-vinyl acetate copolymer resin constituting the matrix resin. 
Usually the matrix resin and the above-mentioned three components are dissolved in one or more of the 
' solvents mentioned below. In consideration of solubility of vinyl chloride-vinyl acetate copolymer resin, a ketone 
30 solvent has to be used as the rich-solvent Such solvent functions as the rich solvent also for said .three com- 
ponents. 

• Examples of such ketone solvent include acetone, methyiethylketone, methylisobutylketone, cyclohexa- 
none, methylisopropylketone and methyl-n-propylketone. 

Aromatic solvent, functioning as the lean solvent for the vinyl chloride-vinyl acetate copolymer resin, is pre- 
•' 35 ferably used in combination with said ketone solvent. Examples of such aromatic solvent include toluene and 
xylene. 

Other usable solvents include alcohols such as isopropyl alcohol or n-butanol; esters such as ethyl acetate, 
n-propyl acetate, n-butyl acetate or isobutyl acetate; hydrocarbons such as hexane, cyclohexane, ethylcyclo- 
- hexane or mineral spirit; and glycol monoalkylether. 
40 Besides, for uniformly dispersing the mutually dissolved three components in small particles in the vinyl 

chloride- vinyl acetate copolymer matrix resin, the use of so-called dispersing agent is very effective. The com- 
pound with such dispersing effect generally reduces the surface tension and interfacial tension significantly, 
thereby dispersing the three r component thermochromic material into small separate particles in the matrix 
resin. 

45 Examples of such compound include siloxane derivatives such as polyether-denatured dimethylpolysilox- 

ane, polyether-denatured methylalkylpolysiloxane, polyester-denatured polydimethylsiloxane or polyester-de- 
natured met hylalkyl polysiloxane; fluorinated alkylesters such as Florad FC-430 or FC-431 (manufactured by 
Sumitomo 3M Co:. Ltd.); and special polymers such as acrylonitrile-(2 : methacryloyioxyethyl)-trimethylammo- 
nium-methyl sulfate-dimethylaminoethylmethacrylate. 

so Such compound has the effect, in forming the thermochromic material into small particles of 0.1- 2.0 u.m 

in the matrix resin, of obtaining uniform dispersion with single nuclei, and it is particularly effective in preventing 
the unification and coagulation of the particles. Such additive component is used, calculated on solid content, 
' in an amount of 0.002 - 0.05% with respect to 1 00 parts by weight of the thermochromic opaque composition, 
and such range is preferred in order to reduce the chemical, influence to said composition. 
'55 The solution of the thermochromic opaque composition, dissolved practically uniformly in a suitable com- 

bination of the aforementioned solvents, is coated on a substrate for example by spray coating, screen printing, 
gravure printing, roller coating or reverse roller coating, and the solvents are .completely removed by drying at 
room temperature or under heating: The above-mentioned three components become dispersed as small par- 
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tides in the matrix resin, through the process of solvent evaporation." In order to maximize the effect of the 
present invention, the^dispersion preferably consists of single particles as.explained.before. For-obtaining sin- 
gle-particles with particle size-in a range of ; .0.1 - 2.0 urn, the selection. of the-solvents for dissolving the ther- 
mochromic opaque composition is an- important factor. 

More specif icaliy, in the transient period of drying, excessively fast evaporation of solvents results in prev- 
alent precipitation of the component (c) among said three components, and formation of a continuous phase 
prior to the formation of single particles, thus leading to bleeding phenomenon. Also fast evaporation of the 
solvents or presence of a large amount of the lean solvent induces fast precipitation of the vinyl chloride-vinyl 
acetate copolymer resin, thereby hindering dispersion of the thermochromic material in uniform small particles. 

in general, the amount ofsolvents is 1 - 50 parts by weight, preferably 3 - 15 parts by weight, with, respect 
to 1 part by weight of the thermochromic opaque composition, though said amount varies depending on the 
coating method: 

Thickness of the thermochromic opaque composition is generally within a range of 2 to 1 00 pm. Athickness 
below said range tends to show drawbacks of insufficient stability of the particles of the composition, and dif- 
ficulty in 'obtaining satisfactory contrast. 

■For uniformly coating the solution of the thermochromic opaque composition, there may be added various 
known additives, such as drip-preventing agent, levelling agent, defoamer, viscosif ier or friction resistance im- 
proving agent. However, such additives should be so selected as to have no or minimum chemical influence 
to said three components and used in minimum necessary amounts. 

If the formed layer of the thermochromic opaque composition is not physically smooth, not only the ap- 
pearance but also the transparency above the high trigger temperature are significantly deteriorated due to 
the random reflection on the surface of said layer. For this reason,.the surface smoothness in the formation 
of the layer of the thermochromic opaque composition is an important factor in achieving transparency. For 
this purpose there may be employed various known additives having little chemical influences and capable of 
providing smoothness. 

Also for improving the light fastness and stability of the thermochromic opaque composition, there may 
be employed ultraviolet absorbing agent, antioxidant, singlet oxygen extinguisher and other similar stabilizers.^ 
- The thermochromic opaque composition of the present invention is basically colored and opaque below 
the low trigger temperature and colorless and transparent above .the.high trigger temperature, but a change ; 
between a colored (1) and opaque state and a colored (2) and transparent state is also possible by the addition 
of an ordinary dye or an ordinary transparent pigment. Also if the transparency is not particularly required, there 
* may also be employed an opaque pigment. *'.-••* 

In the following there will be explained the laminate member of the present invention. ..' 

The laminate member of the present invention is featured by a laminated structure, on a substrate, of a 
layer consisting of a thermochromic opaque composition which is composed of small particulate dispersion, 
in vinyl chloride-vinyl acetate copolymer matrix resin, of a reversible thermochromic material consisting of (a) 
an electron-donating color-developing organic compound, (b) a compound having a phenolic hydroxyl radical, 
and (c) a compound selected from alcohols, esters, ketones and carboxylic acids and which is capable of re- 
versible change of transparency together with change in color in response to temperature variation, with a hys- 
teresis with a temperature difference of 10°C to 50°C between the high and low trigger temperatures. Said 
laminate member is also featured by a structure in which an undercoat layer, consisting of methacrylic resin 
with; the glass transition point at least equal to 90°C is provided on the substrate, and a structure in which a 
layer of transparent methacrylic or acrylic resin or copolymer resin thereof soluble in alcohol or aliphatic hy- 
drocarbon is laminated on the layer of the thermochromic opaque composition. 

V The substrate to be employed in the present invention can be transparent or opaque according to the ap- 
plication/Examples of the transparent substrate include pclyester film (amorphous polyester), polycarbonate, 
polystyrene, styrene-butadiene block copolymer resin, acrylonitrile-styrene copolymer resin, acrylic resin, me- 
thyl methacrylate resin, epoxy resin, polypropylene resin, hard or soft vinyl chloride resin, acrylonitrile-buta- 
diene-styrene copolymer resin (transparent grade) and polypropylene resin. 

Examples of the opaque or semi-transparent substrate include medium or low pressure polyethylene, ac- 
rylbnitrile-butadiene-styrene copolymer resin, nylon, above-mentioned resin colored or opacified with pigment, 
paper, synthetic paper, fibers, filaments, glass and wood, 

. The substrate can also be effectively composed of a material showing various optical, properties, such as 
lustre, lustrous reflectance, optical interference, iridescencerholographic property, metal lustre, pearl lustre, 
fluorescence or phosphorescence. \ /- 

Examples of such substrate include a lustrous or lustrous reflective film formed by laminating a thin metal 
layer on one or both sides of an organic synthetic film (for example a thin silver film laminated on a thin alu- 
minum film, a thin metal film such as of aluminum, chromium, silveror copper laminated on an organic synthetic 
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film, or film with multi-layered alternate laminates of transparent films of different refractive indexes on said 
metal thin film for increasing the optical reflectance); an iridescent laminate formed by laminating, on a sub- 
strate/ a thin film of a transparent metal compound different in refractive index by at least 0.05 from said sub- 
strate (such as titanium oxide, silicon oxide, zinc oxide, cadmium, oxide, magnesium fluoride or cellium oxide) 
5 and a transparent resin layer with surface irregularities, different in refractive index by at least 0.05 from said 
thin film; a film with plural evaporated layers of a compound such as zinc sulfide, titanium oxide, oxides, mag- 
nesium fluoride or copper iodide; a film provided with a light reflecting film, a resin film with surface irregular- 
ities showing optical interference and a semi-transparent thin metal film; a reflective film composed of multi- 
layered composite including a single layer of highly refractive glass beads functioning as lenses in organic res- 
10 inous binder and a light reflecting layer provided therebehind; a film showing optical interference, with a multi- 
layered laminate of transparent thin plastic films of different refractive indexes for causing iridescence; a ho- 
logram having a light reflecting layer on at least a side of fine surface irregular patterns; a material showing 
so-called "thin film interference" by the superposition^ the light reflected on a metal surface and the light 
reflected on a transparent film, such as a metallic reflective surface on which a transparent film is formed with 
15 a colored or colorless paint with such a small thickness as to cause optical interference, or a material in which 
said transparent film is made thicker radially from a desired position to generate an iridescent radial pattern; 
a material coated with fine metal powder for example of aluminum, copper, brass, gold, silver or nickel or crush- 
ed powder of metal-evaporated plastic material, such as polyester resin, phenolic resin or vinyl chloride resin, 
in transparent resin solution; a substrate coated with leaf type aluminum, copper, zinc or copper alloy together 
20 - with a binder; a substrate covered with a metal foil such as gold or silver foil; and a substrate colored with a 
* metallic lustre pigment (for example ofgold. silver, metallic red, metallic blue, metallic green or another metal- 
lic color obtained by coating the surface of natural mica with titanium oxide), a pearl lustre pigment, a fluor- 
. escent pigment or a phosphorescent pigment. 

The thermochromic opaque composition of the present invention is dissolved in solvent and coated as ex- 
25 plained before in forming laminated layer on the substrate, and said solvent often dissolves or swells the resin 
of the substrate, thereby exerting undesirable influences in chemical manner on the thermochromic property 
of said composition and in physical manner on the transparency thereof. For example, if the thermochromic 
opaque composition dissolved in methylisobutylketone is spray coated on a polystyrene substrate, the solvent 
dissolves the substrate resin, whereby polystyrene is introduced into said composition. As a result, the ther- 
30 . mochromic property of said composition is often influenced chemically. It is therefore preferable to form an 
undercoat layer on the substrate, prior to the lamination of the thermochromic opaque composition. 

For such undercoating, there is preferred methacrylate resin, which is coated on the substrate employing 
a solvent composition selected according to the coating method and not attacking the substrate. A more pre- 
ferable resin is methacrylate resin with the glass transition point at least equal to 90°C, which can be polymethyl 
methacrylate (Tg: 1 25°C), polyisopropyl methacrylate (Tg: 95°C) or a copolymer resin with the glass transition 
point at least equal to 90°C. 

Also a top coat layer may be laminated on the layer of the thermochromic opaque composition. 
'" ; In the formation of such top coated layer, there will not only result a variation in the composition ratio of 
the thermochromic opaque composition but also a significant influence on.the changes in color and in trans- 
40 parent/opaque state if the solvent for said top coating re-dissolves the layer of said thermochromic opaque 
composition. For this reason, the solvent to be employed in top coating should be practically free from dissolving 
or swelling of the thermochromic opaque composition. Examples of suitable solvent include water, alcohols, 
glycolethers and aliphatic hydrocarbons. 

Examples of resin which is easily soluble or dispersible in such solvent and shows satisfactory adhesion 
45 to the vinyl chloride-vinyl acetate copolymer resin include methacrylate resin, vinyl-denatured alkyd resin, oil- 
soluble polyurethane resin, acrylic resin, acrylate copolymer resin and epoxy resin, soluble in the above- 
mentioned solvents. . " 

In particular, methacrylate or acrylate resin, or copolymer resin thereof, soluble in alcohol or aliphatic hy- 
drocarbon solvent, when dissolved in a solvent composition in which at least 40% is represented by alcohol 
50 and/or aliphatic hydrocarbon, can provide a transparent top coat layer with satisfactory coating property and 
satisfactory adhesion, without undesirable influence on the underlying layer of the. thermochromic opaque 
composition. 

In the above-mentioned undercoating and top coating, there may be effectively, added ultraviolet absorbing 
agent, antioxidant, singlet oxygen extinguisher, colorant and other optical stabilizers, for th purpose of im- 
55 proving the light fastness of the thermochromic opaque composition: 

In the following there will be explained the three-dimensional article of the present invention, capable of 
concealing and revealing the interior. i 

Said interior conceal/revealing three-dimensional article of the present invention is featured by a fact that 
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the above-mentioned laminate member constitutes at least a part of a.three-dimensional article containing an 
internal object therein, thereby concealing and revealing said.internal object in response to temperature vari- 
ation'; Said three-dimensional article is a toy, a stationery article, a teaching aid or a decorative article, wherein 
an arbitrary.object contained in- said article can be concealed or revealed by the change between transparent 
and opaque states, together with a color change on the surface of said three-dimensional article, in response 
to temperature variation. 

Dispersion of the thermochromic material, consisting of the three components (a), '(b) and (c), in a state 
of small particles in the vinyl chloride-vinyl acetate copolymer matrix resin allows to maintain said components 
stably without bleeding to the resin surface, thereby achieving reversible change in transparency combined 
with color change, between a colored opaque state and a colorless. transparent state in response to temper- 
ature variation, with hysteresis with a temperature difference of 10°C to 50°C between the high and low trigger 
temperature. 

The above-mentioned structure has high transparency, without undesirable influence of light scattering, 
since the thermochromic material is not in the form of microencapsulated pigment. Consequently, the laminate 
member, .employing said composition of the present invention, allows to clearly see an object, even when it is 
in a position distanced from said laminate member. 

Fig. 1 is-a chart showing color change of an example 1 of a printed article employing the thermochromic 
composition of the present invention, in response to temperature variation, wherein a solid line indicates 
~ a colored opaque state while a broken line indicates an uncolored transparent state (also same in Fiqs 2 
■ to. 25); r 

Fig. 2 is a chart showing absorbance of the printed article of the example 1, in the colored opaque state 
and in the uncolored transparent state; T . 

Fig. 3 is a chart showing transmission spectrum of the printed article of the example 1, in the colored opa- 
que state and in the uncolored transparent state: 

Fig. 4 is a chart showing color change of a printed article of an example 2 employing the thermochromic 
composition of the present invention, in response to temperature variation; 

- Fig. 5 is a chart showing absorbance of theprinted article of the example 2, in a colored opaque state and 
in an uncolored transparent state; VJ 

; Fig. 6 is a chart showing transmission spectrum of the printed article of the example 2 in the colored opal 
- , que state and in the uncolored transparent state; 

Fig. 7. is a chart showing color change of a printed article of an example s employing the thermochromic 
v- composition of the present invention, in response to temperature variation; 

Fig. 8 is a chart showing absorbance of the printed article of the example 3, in a colored opaque state and 

in an uncolored transparent state; 

Fig. 9 is a chart showing transmission spectrum of the printed article of the example 3 in the colored opa- 
que state and in the uncolored transparent state; 

Fig. 1 0 is a chart showing color change of a printed article of an example 4 employing the thermochromic 
composition of the present invention, in response to temperature variation; 

Fig. 11 is a chart showing absorbance of the printed article of the example 4 in a colored opaque state 
and in an/ uncolored transparent state; 

* * * 

Fig. 12 is a chart showing transmission spectrum of the printed article of the example 4 in the colored , 
opaque state and . in the uncolored transparent state; . 

Fig. 13 is a chart showing color change of a printed article of an example 5 employing the thermochromic 
/ composition of the present invention, in response to temperature variation; 
Fig. 14 is a chart showing absorbance of the printed article of the example 5 in a colored opaque state 
and in an uncolored transparent state; 

Fig. 1 5 is a chart showing transmission spectrum of the printed article of the example 5 in the colored 
opaque state and in the uncolored transparent state; 

Fig. 16 is a chart showing color change of a printed article of an example 6 employing the thermochromic 
composition of the present invention, in response to temperature variation; 

Fig. 17 is a chart showing absorbance of the printed article of the example 6 in a colored opaque state 
and in an uncolored transparent state; 

Fig. 18 is. a chart showing transmission spectrum of the printed article of the example 6 in the colored 
/. opaque state and in the uncolored transparent state; 

Fig. 1 9 is a chart showing color change in a printed article of a reference example 1 , in response to tem- 
. perature variation; * . . , 

- Fig, 20 is a chart showing color change in a printed article of a reference example 3, in response to tem- 
perature variation; . . 

- • 

»». . ■ . 

10 



EP 0 595 577 A2 

Fig. 21 is a chart showing absorbance of the printed article of the reference example 3 in a colored opaque 
'state and in an uncolored transparent state; 
' ' Fig. 22 is a chart showing transmission spectrum of the printed article of the reference example 3 in the 
colored opaque state and in the uricolbred transparent state; 

Fig. 23 is a chart showing color change of a printed article of a reference example 4 in response to tem- 
perature variation; 

Fig. 24 is a chart showing absorbance of the printed article of the reference example 4 in a colored opaque 
state and in an uncolored transparent state; • ' 

Fig. 25 is a chart showing transmission spectrum of the printed article of the reference example 4 in the 
colored opaque state and in theuncolored transparent state; 
' . Fig*. 26 is a magnified cross-sectional view of an embodiment of the laminate member of the present in- 
vention; 

Fig. 27 is a perspective view of a toy capable of concealing or revealing the interior, employing the laminate 

member of the present invention, in a colored opaque state; and : 

Fig. 28 is a perspective view of the toy shown in Fig. 27, in an uncolored transparent state. 

Now the present invention will be clarified in greater details by embodiments thereof, wherein all the 
amounts are represented by' parts by weight. With respect to.the width of hysteresis, when the composition 
is shifted from the colored opaque state to the uncolored transparent state and is then cooled, said width be- 
comes' smaller if the heated temperature is in the vicinity of and not exceeding the high trigger temperature. 
The width of hysteresis mentioned in the present invention refers to the maximum width in a thermochromic 
opaque composition. 

The color change temperature, absorbance and transmittance in the following examples were measured.- 
in the following manner. ' • 



■ / 



* "... * 

(1) Color change temperature: 

In each of examples 1 to 6, a specimen for measurement was prepared by adhering white synthetic paper 
of a thickness of 60 ^m, with a two-sided adhesive tape, to the rear face of a polyethylene terephthalate film 
in which the thermochromic opaque composition was coated. Said specimen was adhered, further with a two- 
sided adhesive tape, onto the bottom face of a heat/cooling container, and was so set that said composition 
faces the light source of a color difference meter (model TC-3600 manufactured by Tokyo Denshoku Co., Ltd.). 
Water was placed in said container, then cooling (from 50°C to 0°C) at heating (from 0°C to 50°C) at a rate of 
10°C/minute were conducted as a cycle, and the luminocity of the specimen was plotted at different temper- 
atures, - 

(2) Absorbance and transmittance: 

Absorbance (reflective) and transmittance were measured in a wavelength range of 400 to 700 nm by a 
spectrophotometer (auto-recording spectrophotometer model U-3210 manufactured by Hitachi Co., Ltd.), with 
a thermochromic opaque printed article prepared in each example set at the sample side, and with a poly- 
ethylene terephthalate film! same' as used in said example, set at the reference side. 

The measurement was conducted at 20°C,.in the colored opaque state and in the uncolored transparent 

state. * 1 

In the attached drawings, solid lines indicate the absorbance and transmittance at 20°C in the colored opa- 
que state, arid broken lines indicate those at 20°C in the uncolored transparent state. • 

• Example 1 

1 .3 parts of 1 ,2-benz-6-dibutylaminof luorane, 5 parts of 1 ,1 -bis(4'-hydroxyphenyl)hexane. 5 parts of stear- 
yl caprate and 15 parts of stearyl laurate were dissolved in 300 parts of 20% solution of VYHH (vinyl chloride- 
vinyl acetate copolymer (86:14) resin, manufactured by Union Carbide Japan Co., Ltd.) dissolved in MIBK. Then 
0.2 parts of Byk-310 (polyester-denatured dimethylpolysiloxane, manufactured by Byk Chemie) were added, 
whereby thermochromic opaque ink (A) was obtained. 

The above-mentioned ink was coated with an applicator onto a PET film (100 urn thick, trade name NF 
PET TOUME! 100[A], manufactured by Rintek Co., Ltd.) so as to obtain a dried film thickness of about 15 urn, 
and dried at 80°C for 30 minutes to obtain a thermochromic opaque printed article: It was observed that said 
composition was dispersed with a particle size of about 0.2 to 1.0 urn in the resin. Thus obtained printed article 
showed a low trigger temperature of about 12°C and a high trigger temperature of about 39°C, with a width of 
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hysteresis of about : 20°C. The article became colorless and transparent above the high trigger temperature, 
and became pink and opaque below the low trigger temperature. The above-mentioned. two states could be 
assumed'selectively, within a-range between the high and low trigger temperatures. The printed article could 
stably repeat the above-mentioned changes even after'500 cycles, without bleeding orother undesirable'ef- 
! fect. Also similar change and stability could be confirmed after standing for one week in a thermostat chamber 
of 60°C. 

The color change curve of said printed article, the absorbance and transmittance in the ; colored opaque 
state and in the uncolored transparent state are respectively shown in Figs. 1, 2 and 3. ■ •> 

* ■ 

Example 2 • - f r : . 

* • * 

2 parts of 2-chloro-3-methyl-6-diethylaminofluorane, 5 parts of 2,2-bis(4'-hydroxyphenyl)propane and 20 
parts of myristyl alcohol were dissolved in 300 parts of 20% solution of Denkavinyl 1000D (vinyl chloride-vinyl 
acetate copolymer (68:32) resin, manufactured by Denki Kagaku Kogyo Co., Ltd.) dissolved in MIBK/xylene 
(1/1). Then 0,2 parts of Byk-325 (polyether-denatured dimethylpolysiloxane, manufactured by Byk Ghemie) 
were added, whereby thermochromic opaque ink (B) was obtained. 

The above-mentioned ink was coated with an applicator onto a PETfilm (100 pm thick, trade name NF 
PET TOUMEri 00[A], manufactured by Rintek Co., Ltd.) so as to obtain a dried film thickness of about 20 u.m, 
and dried at 80°C for 30 minutes to obtain a thermochromic opaque printed article. It was observed that said 
composition was dispersed with a particle size of about 0.2 to 2.0 \xm in the resin; 

: Thus obtained printed article showed a low trigger temperature of ca. 4 Q C.anda high trigger temperature 
of ca. 33°C, with a width of hysteresis of about 20°C. The article became colorless and transparent above the 
"high trigger temperature, and became vermilion and opaque below the low trigger temperature. The above- 
mentioned two states could be assumed selectively, within a range between the high and low trigger temper- 
atures. 

The above-mentioned change could be stably repeated even after 500 cycles, without bleeding or other 
undesirable effect. Also similar change and stability could be confirmed after standing for one week in a ther- 
mostat chamber of 60°C. 

• -The'color change curve of said printed article, the absorbance and transmittance in the colored opaque 
state and in the uncolored transparent state are respectively shown in Figs. 4, 5 and 6. . 

Example 3 ' • 

* * 

' 2 parts of 3-cyclohexylamino-6-chlorofluorane, 5 parts of T,1-bis(4'-hydroxyphenyl)octane t 2 parts of 2,2- 
bis(4-hydroxyphenyl)propane, 10 parts of cetyl alcohol and 1 0 parts of stearyl caprate were dissolved in 300 
parts of 20% solution of Denkavinyl 1000MTS (vinyl chloride-vinyl acetate copolymer (70:30) resin, manufac- 
tured by Denki Kagaku Kogyo Co., Ltd.) dissolved in MIBK/xylene (1/1). Then 0.2 parts of Byk-300 (polyether- 
denatured dimethylpolysiloxane, manufactured by Byk Chemie) were added, whereby thermochromic opaque 
ink (C) was obtained. - .* 

The above-mentioned ink was coated with an applicator onto a PET film (tOOjun thick, trade name NF 
PET TOUMEI 100[A], manufactured by Rintek Co., Ltd.) so as to obtain a dried film thickness of about 15 ^m, 
and dried at 80°C for 30 minutes to obtain a thermochromic opaque printed article. It was observed that said 
compositioned was dispersed with a particle size of about 0.1 to 1.0 u.m in the resin. 

Thus obtained printed article showed a low trigger temperature of ca. 6°C and a high trigger temperature 
of ca: 30°C, with a width of hysteresis of ca. 16°C. The.article became colorless and transparent above the 
high trigger temperature, and became orange and opaque below the low trigger temperature. The above- 
mentioned two states could be selectively assumed, within a range between the high and low trigger temper- 
atures:The above-mentioned change could be stably repeated even after 500 cycles, without bleeding or other 
undesirable effects. Also similar change and stability could be confirmed after standing for one week in a ther- 
mostat chamber of 60°C. ; 

Thei color change curve of said printed article, the absorbance. and transmittance in the colored opaque 
state and in the uncolored transparent state are respectively shown in Figs. 7, 8 and 9. 

* •».■■*.*# ■ 

■ ' ■ « • • * * v i ' v ' ■ v 

Example 4 . - • 

/ 1.5 parts of 2-phenyl-6-(N-ethyl-N-hexylamino)-fluorane, 8 parts of 2,2-bis(4'-hydroxyphenyl)decane and 
20 parts of lauryl stearate were dissolved in 300 parts of 20% solution of D nkavinyl 1000 MTS (vinyl chloride- 
vinyl acetate copolymer (70:30) resin, manufactured by Denki Kagaku Kogyo Co., Ltd.) dissolved in 
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MIBK/xylene (1/1). Then 0.1 parts of FC-430;(fluorine-containing levelling agent, manufactured by Sumitomo 
■3M Co., Ltd.) were added, whereby.thermochromic opaque ink (D) was obtained. 
- :. • The. above-mentioned ink was coated with an applicator onto a PET. film (100 jam thick, trade name NF 
PET TOUMEI 100[A], manufactured by Rintek Co., Ltd.) so. as to obtain a dried film thickness of about15 urn, 
5 and dried at 80°C for 30 minutes to obtain a thermochromic opaque printed article. It was confirmed that said 
composition was dispersed with a particle size of about 0.2 to 1 .5 \im in the resin. Thus obtained printed article 
showed a low trigger temperature of.ca. 6°C. and a high trigger temperature of ca. 38°C, with a width of hys- 
teresis of ca. 28°C. The article became colorless and transparent about the high trigger temperature, and be- 
came green and opaque below the low trigger temperature. The above-mentioned two states could be selec- 
10 tively assumed, within a range between the high and low trigger temperatures. The above-mentioned change 
could be stably repeated even after 500 cycles, without bleeding or other undesirable effects.. Also similar 
• /change and stability could be confirmed after standing for one week in a thermostat chamber of 60°C. 

The color change curve of said printed article, the absorbance and transmittance in the colored opaque 
" state and in the uncolored transparent state are respectively shown in Figs. 10, 11 and 12. , 

• Example 5 , 

1.5 parts of 1,2-benz-6-diethylaminofluorane, 5 parts of 2,2-bis(4'-hydroxyphenyl)octane and 20 parts of, 
\ neopentylglycol dipalmitate were dissolved in 300 parts of 20% solution of VYHD (vinyl chloride-vinyl acetatte 
20 copolymer (86:14) resin, manufactured by Union Carbide Japan Co., Ltd.) dissolved in MIBK/xylene (1/1). Then 
> • 0.2 parts of Byk-310 (polyester-denatured dimethylpolysiloxane, manufactured by Byk Chemie) were added, 
whereby thermochromic opaque ink (E) was obtained. - ** . 

■ The above-mentioned ink was coated with an applicator onto arPET film (100 urn thick, trade name NF, 
; 1 < PET TOUMEI 100[A], manufactured by Rintek Co., Ltd.) so as to obtain a dried film thickness of about 15 u.nv 
25 arid dried at 80°C.for 30 minutes to obtain a thermochromic opaque printed article. It was confirmed that said 
. composition was dispersed with a particle size of about 0.2 to 1.0 \im m the resin. . 

Thus obtained printed article showed a low trigger temperature of ca. 0°C and a high trigger temperature 
of ca. 37°C, with a width of hysteresis of ca. 33°C. The article became colorless and transparent above the 
high . trigger temperature, and became- pink and opaque below the low trigger temperature. The aboye- 
30 mentioned two states could be selectively.assumed, within a range between the high and low trigger temper- 
atures. The above-mentioned change could be stably repeated even after 500 cycles; without bleeding or other 

• undesirable effects. Also similar change and stability could be confirmed afterstanding for one week in ather- 
. mostat chamber of 60°C. 

. fhe color change curve of said printed article, the absorbance and transmittance in the colored opaque 
35 • state and in the uncolored transparent state are respectively shown in Figs. 13, 14 and 15. 

• Example 6 < -'• . " v ; ■: 

' 2partsof2-(3'-trifluora 

40 \ octane and 20 parts of dilauryl azel ate were dissolved in 300 parts of 20% solution VYHD (vinyl chloride-vinyl 
. acetate copolymer (86:14) resin, manufactured by Union Carbide Japan Co., Ltd.) dissolved in MIBK/xylene 
I ' (1/1). Then 0.3 parts of Byk-310 (polyester-denatured dimethylpolysiloxane, manufactured by Byk Chemie) 
. were added, whereby thermochromic opaque ink (F) was obtained. 

• The aboverrmentioned ink was coated with an applicator onto a PET film (100 \im thick, trade name NF 
45 PET TOUMEI 100[A1, manufactured by RintekCo., Ltd.) so as to obtain a dried film thickness.of about 15 u.m, 
■'■ and dried at 80°C for 30*minutes to obtain a thermochromic opaque printed article. It was confirmed that said 
" • composition was dispersed with a particle size of about 0.2 to 1 .5 \im in the resin. : ..... 

' Thus obtained printed article showed a low trigger temperature of ca. -6°C, and a high trigger temperature 
of ca. 37°C. with a width of hysteresis of ca. 33?C. The article became colorless and transparent above the 
so high trigger temperature, and became dark gray and opaque below the low trigger temperature. The above- 
• 4 • ' mentioned two statescould be assumed selectively, in a range between the high and low trigger temperatures. 
The above-mentioned change could be stably repeated even after 500 cycles, without bleeding or other un- 
desirable effects. Also similar change and stability could be confirmed after standing for one week in a ther- 
mostat chamber of 60°C. .-,.-* 
55 The color change curve of said printed article, the absorbance and transmittance in the colored opaque 

state and in the uncolored transparent state are respectively shown in Figs. 16, 1.7 and 18. 

* * . . ™* « * • 

■ ■ft i • • . . . . » .. 

/* *. •' .' . . . v * , . 1 • • •• • • • - • ■;; ' 
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' Example 7 - . 

■ » ■ < 

Preparation of a three-dimensional molded article of GPPS (polystyrol): v 
5 [1] Ink preparation: 

* ... 

. (1) Undercoat ink: 

Undercoat ink (a) was prepared by dissolving 10 parts of AcrypetVK (methyl methacrylate resin man- 
ufactured by Mitsubishi Rayon Co., Ltd.) in 60 parts of MIBK and 30 parts of propyleneglycoi monomethy- 
w let her. 

(2) Thermochromic opaque ink: 

Thermochromic opaque ink (A') was prepared by mixing 300 parts of the thermochromic opaque ink 
v (A) of the example 1 with 250 parts of MIBK and 50 parts of cyclohexanone. 

(3) Topcoat ink: 

15 Topcoat ink was prepared by dissolving 20 parts of Plus-size CB-2 (alcohol-soluble acrylic resin, in 

50% ethanolic solution, manufactured by Go-oh Chemical Co., Ltd.) and 0.5 parts of Tinuvin 328 (ultraviolet 
. absorbing agent manufactured by Ciba-Geigy) in 50 parts of isopropanol and 30 parts of n-butanol. 

[2] Preparation of laminate member 

20 

On the external surface of hollow cube (10 x 10 cm) molded of transparent GPPS and incorporating therein 
a pale, red miniature car as the internal object, the undercoat ink (a) was spray coated and dried at 80°C for 
30 minutes. The obtained undercoat layer had a dried thickness of ca. 5 >im. 

Then the thermochromic opaque ink (A* j was spray coated thereon and dried at 80°C for 30 minutes. The 
25 obtained ink layer had a dried thickness of ca. 15 jam. 

- Then the topcoat ink (b) was coated as the protective layer and dried at 80°C for 30 minutes. The obtained 
topcoat layer had a dried thickness of ca. 10 u.m. 

Thus prepared molded article, when immersed in iced water of 1 0°C, became pink and opaque, whereby 
the internal miniature car could not be viewed at all. When immersed in warm water of 45°C, it became colorless 
30 and transparent, whereby the miniature car could be clearly viewed. This state did not change at all when it 
was placed in a location of room temperature,. or 25°C. Similar change could be confirmed after 500 cycles of 
said change. 

Example 8 

35 ' . . 

Preparation of plastic bottle of polycarbonate resin: 

• * . • . • • . 

* 

[1] Ink preparation: 

40 (1) Undercoat ink: 

Undercoat ink (c) was prepared by dissolving 10 parts of Dianal BR-80 (methyl methacrylate resin, 
manufactured by MitsubishirRayon Co., Ltd.) in 60 parts of MIBK and 30 parts of cyclohexanone. 

(2) Thermochromic opaque ink: 

thermochromic opaque ink (B*) was prepared by mixing 300 parts of the thermochromic opaque ink 
45 (B)of the example 2 with 150 parts of MIBK. 

(3) Topcoat ink: " v 

Topcoat ink (d) was prepared by dissolving 10 parts of Dianal BR-102 (alcohol soluble acrylic resin, 
; * ' manufactured by Mitsubishi Rayon Co., Ltd.) and 1 jDart of Tinuvin PS (ultraviolet absorbing agent, man- 

■ ufactured by Ciba-Geigy) in 60 parts of isopropyl alcohol and 30 parts of n-butanol. , 
so . 
[2] Preparation of laminate member: 

On the external surface of a transparent polycarbonate bottle (having a cylindrical form with a diameter 
of 8 cm and a height of 10 cm, and incorporating a pink rabbit doll), the above-mentioned inks (c), (B') and (d) 
55 were coated in succession, in the same coating and drying methods as in the example 7. 

The prepared article, when placed in a freezer of -5°C. instantly became vermilion and turbid, whereby 
the internal doll became no longer observable at all. 

Wh n warmed with a hair blower, said article instantly became colorless and transparent, whereby the 
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internal doll could be viewed. This colorless transparent state was retained after standing for 3 days at room 
temperature. Also theabove-mentioned change could be confirmed even after 500 cycles. 

Example 9 

5 

Preparation of a polycarbonate automobile toy: 

■ An automobile toy provided with a polycarbonate window was prepared, and said window was coated with 
the thermochromic opaque ink and the undercoat ink same as those in the example 8, in the same manner. 

10 as in said example 8. , farr , rtdr 

Thus processed window could repeat the phase change as in the example 8, in response to the temper- 

ature variation, thereby concealing and revealing the interior. 
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Example 10 

A methyl methacrylate resin three-dimensional article: 

[1] Ink preparation: * 

(1) Undercoat ink: . ' 

Undercoat ink (e) was prepared by dissolving 5 parts of Dianal BR-85 (methyl methacrylate res.n, 
manufactured by Mitsubishi Rayon Co., Ltd.) in 65 parts of MIBK and 30 parts of cyclohexanone. 

(2) Thermochromfc opaque ink: . 

Thermochromic opaque ink {&) was prepared by mixing 300 parts of the thermochromic opaque ink 
(C) of the example 3 with 50 parts of cyclohexanone and 250 parts of MIBK. 

(3) Topcoat ink: 

Topcoat ink (0 was prepared by dissolving 20 parts of Plus-size L-53 (alcohol-soluble acryl.c resin, in 
50% ethanolic solution, manufactured by Go-oh Chemical Co., Ltd,) and 0.5 parts of T.nuvin PS (ultraviolet 
absorbing agent, manufactured by Ciba-Geigy) in 80 parts of n-propyl alcohol. , , ; 

[2] Preparation of laminate member: 

In a transparent gem box of methyl methacrylate resin, incorporating toy accessories, a lid (8 x 15 cm) 
was coated in succession with the inks (e), (C) and (f) in the same manner as in the example 7. Other portions 
of the box were coated with the ordinary commercial black lacquer. Thus prepared article had a low trigger 
temperature of ca. 6°C arid a high trigger temperature of ca. 30°C, and became colorless above sa.d h.gh tngger 
temperature whereby the content could be viewed, while became orange and turbid whereby the content could 
not be observed. 

The above-mentioned change could be.confirmed even after 500 cycles of change. . 
Example 11 . 



Preparation of a polyester bottle: - 
45 [1] Ink preparation: 
. ' (1) Undercoat ink: 

■ Undercoat ink (g) was prepared by dissolving 10 parts of Dianal BR-83 (methyl methacrylate res.n, 
manufactured by Mitsubishi Rayon Co., Ltd.) in 80 parts of MIBK and 10 parts of cyclohexanone. 

(2) Thermochromic opaque ink: . 
Thermochromic opaque ink (D') was prepared by mixing 300 parts of the thermochromic opaque ink 

(D) of the example 4 with 150 parts of xylene. 

(3) Topcoat ink: * r , * 
Topcoat ink (h) was prepared by dissolving 50 parts of Acrydic, A- 188 (turpene-soluble acryl.c res.n, 

manufactured by Dai-Nippon Ink Co., Ltd.) in 50 parts of mineral turpene. 
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[2] Preparation, of laminate member: 

-;. A transparent polyester bottle, containing an artificial flower therein, was coated, in succession, with the 
inks .(g), (D!) and (h) in the same manner as in the example 7. 

Thus prepared bottle, after drying, was colorless and transparent. 

When immersed in iced water of 3°C, the bottle instantly became opaque green, whereby the content of 
the bottle could no longer be observable. Said opaque green state was retained even after standing for one 
month in atmosphere of room temperature (25 0 C)/When immersed in warm water of 50°C, the bottle instantly 
became colorless and transparent, whereby the internal artificial flower could be clearly viewed. Said colorless 
transparent state was retained when the bottie was returned to the room temperature (25°C). 

The above-mentioned change could be confirmed even after 150 cycles.. t 

Example 12 (thermochromic opaque-transparent laminate) 

. . The undercoat ink (a) was spray coated on an aluminum-evaporated polyester film (trade name: #125 Met- 
almy TS, manufactured by Toyo Metallizing Go.) and was dried at 80°C for 30 minutes. The obtained undercoat 
layer had a dried thickness of ca. 5 urn. 

' Subsequently the thermochromic ink (A') was spray coated thereon and dried at 80°C for 30 minutes. The 
obtained thermochromic layer had a dried thickness of. ca. 10 urn. 

Then, as a protective layer, the top coat ink (b) was spray coated and dried at 8C°C for 30 minutes. The 
obtained top coat layer had a dried thickness of ca. 10 u,m. 

The obtained laminated article turned to pink when it was wetted with cold water of 1 0°C with an applicator, 
-and the metallic lustre of the underlying layer simultaneously became invisible. When it was wetted with warm 
water of 45°C by the applicator, the pink color vanished and the metallic lustre of the underlying layer appeared. 
This state did not change when it was left in the room temperature of 25°C. These changes could be confirmed 
after 500 cycles of the changes. . 

Example 13 (thermochromic opaque-transparent laminate) 

On the Pearl Iridescent Film (trade name: IF-8101), showing iridescence by light interference, the inks (c), 
(B') and (d) were coated, in succession, under the coating method and drying conditions same as those in the. 
example 12. 

The obtained laminate, when placed in a freezer of -5°C, instantly developed vermillion color and the un- 
derlying iridescent pattern became not at all visible. 

When it was warmed with a hair blower, the vermillion color disappeared and the underlying iridescent 
pattern became visible. This state did not change when it was left for 3 days at the room temperature. These 
changes could be confirmed after 500 cycles of the changes. 

Example 14 (thermochromic opaque-transparent laminate) 

. On a gold-colored aluminum-evaporated polyester film (trade name: #50 Metalmy CCC, manufactured by 
Toyo Metallizing Co.) the undercoat ink, thermochromic ink and top coat ink same as those in the example 13 

were coated in the same manner. . ■ * 

(...»■■ . . 

The obtained laminate article, when placed in a freezer of -5°C, instantly developed vermillion color, and 
the underlying gold-color metallic lustre became totally invisible. 

When it was warmed with a hair blower, the vermillion color vanished and theunderlying gold-colored met- 
allic lustre appeared. This state did not change after standing at the room temperature, these changes could 
. be confirmed after 500 cycles of the changes. 

j ' ■ * • * 

Example 15 (thermochromic opaque-transparent l aminate) . ' f: . ' 

■ — ; : — ■ ; «. . 

. On a holographic film showing lustre and three-dimensional impression (trade name: Holograster 101 Surf 
Whisper, manufactured by Rintek Co.), the undercoat ink (e) was coated with an applicator so as to obtain a 
dried thickness of ca. 5 urn, and dried at 80°C for 30 minutes to obtain an undercoat layer. 

Then the thermochromic ink (C) was coated thereon with an applicator so as to obtain a dried thickness 
of ca. 10 urn, and was dried at 80°C for 30 minutes to obtain a thermochromic'opaque ink layer. 

Further, the top coat ink (f) was coated thereon with an applicator so as to obtain a dried thickness of ca. 
1 0 (am,, and was dried at 80°C for 30 minutes to obtain a top coat layer. ' 
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The obtained laminate article had a low trigger temperature of caV 6°C and a high trigger temperature of 
ca. 30°C. Below said low trigger temperature, it developed orange color and concealed the underlying holo- 
graphic pattern and the lustrous impression. Above said high trigger temperature, it became colorless and. ex- 
hibited the underlying holographic pattern and the lustrous impression. These changes could be confirmed 
5 after 500 cycles of changes. 

Example 16 (thermochromic opaque-transparent laminate) 

On a polyester substrate film, consisting of a holographic film exhibiting lustre and three-dimensional im- 
io pression (trade name: Sparkles, manufactured by Spectratek, Inc.) and adhered with nylon tricot cloth, the inks 
(9). (F) a nd ( n ) were coated in succession, under the same coating and drying conditions as in the example 
15. 

The obtained laminate article had a low trigger temperature of ca. 10°C and a high trigger temperature of 
ca. 35?C. Below said low trigger temperature, it developed dark gray color and concealed the underlying ho- 
is lographic pattern and lustre, while, above said high trigger temperature, it became colorless and exhibited the 
underlying holographic pattern and lustre. These changes could be confirmed after 500-cycles of changes. 

Reference Example 1 

~ - 

20 A printed article was prepared in the same manner as in the example 1, except that VYHH therein was 

replaced by Superchlon 106N (chlorinated polypropylene resin, manufactured by Sariyo-Kokusaku Pulp Co., 
... Ltd.). The obtained printed article was pink below the low trigger temperature (12 6 C);but was not opaque. It 
was colorless and transparent above the high trigger temperature (39°C). It exhibited ^change in color, but 
not in the transparent/opaque state. 
25 In observation of said printed article under a microscope, the three-component t normochromic material 
was mutually dissolved, so that the dispersed particles could not be observed. After standing for 3 days in a 
thermostat of 60°C, the surface showed significant bleeding of the three-component thermochromic.materiaL 
the color change curve of said printed article is shown in Fig. 19. 

■ * - * ■ 

30 Reference Example 2 . 

T 1 - 

A printed article was prepared in the same manner as in the example 1, except that VYHH therein was 
replaced by Paraloid B-73 (thermoplastic acrylic resin, manufactured by Rohm and Haas Japan Co., Ltd.). Thus 
prepared printed article did not develop color even when cooled to below -10°C, thus lacking reversible ther- 
35 . mochromic property. It however showed change in the transparent/opaque state, with trigger temperatures 
approximately same as those in the example 1. - 

Reference Example 3 

40 A printed article was.prepared in the same manner as in the example 2, except that myristyl alcohol was 
employed with an amount of 60 parts. The obtained printed article was significantly inferior in the transparency 
above the high trigger temperature, so that it was practically not viewed through. 

The color change curve of said printed article, the absorbance and transmittance in the colored opaque 
state and in the uncolored transparent state are respectively shown in Figs. 20, 21 and 22. , 

45 

Reference Example 4 

■ — • — ! : . ■ \ 

A printed article was prepared in the same manner as in the example 4, except that 2,2-bis(4'-hydroxy- 
phenyl)decane was replaced by bis-(4'-hydroxyphenyl)methane. Thus prepared printed article showed strong 
so retentive green color even when heated above 40°C. Otherwise it showed changes similar to those in the ex- 
ample 4. 

The color change curve of said printed article, the absorbance and transmittance in the colored opaque 
state and in the uncolored transparent state are respectively shown in Figs. 23, 24 and 25. 

55 Reference Example 5 

A laminate member was prepared in the same manner as in the example 7, except t h at Acryl pet VK in the 
undercoat ink (a) therein was replaced by Paraloid B-66 (thermoplastic acrylic* resin in 50% toluene solution. 
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' * ♦ * 

with;glass transition point of 50°C, manufactured by Rohm and Haas Japan Co., Ltd.). The prepared laminate 
member scarcely developed color when cooled below 15°C, thus lacking change in color. This is presumably 
due to a fact that, at the coating of the thermochromic opaque ink (A), the solvent thereof re-dissolved the 
acrylicresin in the undercoat layer, whereby the thermochromic opaque composition was mixed with Paraloid 
B-:66 and said acrylic resin permanently.desensitized said composition. 

Reference'Example 6 

A laminate member was prepared in the same manner as in the example 8, except that the topcoat ink 
(d) was replaced by the following topcoat ink, which was prepared by dissolving 10 parts of Dianal BR-83 (me- 
thyl methacrylate resin, manufactured by Mitsubishi Rayon Co., Ltd.) and 1 part of Tinuvin PS (ultraviolet ab- 
sorbing agent, manufactured by Ciba-Geigy) in 60 parts of MIBK and 30 parts of cyclohexanone. 

Thus prepared laminate member scarcely developed color even when cooled below 5°C, thus being poor 
in color change. This is presumably due to a fact that, at the coating of the topcoat ink, the thermochromic 
opaque ink was re-dissolved and the resin in the topcoat ink permanently desensitized the thermochromic 
composition. However it only showed the change in transparent/opaque states, with trigger temperature similar 
to those in the example 8. 

Reference Example 7 

A laminate member was prepared in the same manner as in the example 7, except that the thermochromic 
ink (A) therein was replaced by the following ink. 

1 .3 parts of 1 ,2-benz-6-dibutylaminofluorane, 5 parts of 1 ,1-bis(4*-hydroxyphenyl)hexane, 5 parts of stear- 
yl caprate and 15 parts of stearyl laurate were microencapsulated in ordinary epoxy-amina interfacial poly- 
merization method. 30 parts of thus prepared microcapsules were dispersed in 300 parts of 20% MIBK solution 
of VYHH (vinyl chloride-vinyl acetate copolymer (86:14) resin, supplied by Union Carbide), and the dispersion 
was further mixed with 250 parts of MIBK and 50 parts of cyclohexanone to obtain thermochromic ink. 

The obtained laminate member was pink colored and concealed the underlying metallic lustre below 10°C:- 
However, above 45°C, though the pink color disappeared, it remained turbid due to the random light scattering : 
of the microcapsules, so that the underlying metallic lustre could not be seen at all. 

As explained in the foregoing, the thermochromic opaque composition of the present invention is corm : 
posed of dispersion, in small particles in vinyl chloride-vinyl acetate copolymer matrix resin, of a reversible ther- 
mochromic material consisting of (a) an electron-donating color-developing organic compound, (b) a compound 
having a phenolic hydroxy! radical, and (c) a compound selected from alcohols, esters, ketones and carboxyiic 
acids, and is capable of showing reversible change in transparency, together with change in color, in response 
to temperature variation, with hysteresis with a temperature difference of 10°C to 50°C between the high and 
low trigger temperatures. 

, Dispersion as extremely small particles of 0.1 to 2.0 u=m in the vinyl chloride-vinyl acetate copolymer matrix 
resin provides a particular effect that the thermochromic opaque composition can exist extremely stably, 
whereby a practically acceptable composition can be provided. The thermochromic opaque composition of the 
present invention is based on the stability achieved by such microparticulate dispersion, and is also featured 
by hysteresis based on said microparticular dispersion. 

Said composition of the present invention, particularly when laminated on a three-dimensional transparent 
article, provides a particular effect of revealing the interior of said three-dimensional article, by the changes 
in color and in transparency in response to temperature variation. In particular, the composition of the present 
invention exhibits a vivid change in color, thus being capable of causing a change between a colored opaqu 
state and an uncolored transparent state, or between a colored (A) opaque state and a colored (B) transparent 
state and also shows hysteresis in said change, so that either of the colored opaque state and the uncolored 
transparent state can be retained in a region between the low and high trigger temperatures. The changes in 
thermochromic property and in transparency, achievable in the present invention, are particularly effective in 
the field of toys. It is thus rendered possible to conceal an internal object positioned inside a three-dimensional 
article and to reveal said internal object by a temperature variation. The obtained state can be semi- 
permanently retained within a predetermined temperature range. Another state can be resumed by bringing 
the temperature below the low trigger temperature or above the high trigger temperature, in reversible and re- 
petitive manner. In the above-mentioned configuration, the thermochromic material is free from light scattering 
isincejt is not in the form of microcapsules, so that.there can be clearly seen the underlying layer showing 
various optical properties such as the-lustre, lustrous reflectance, optical interference, holographic property, 
metallic lustre, fluorescence etc.This is a unique effect, no attainable in the proper art, and applicable to toy, 
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dolls, interior goods, printed matters, fabrics, wall papers, packaging materials, household goods, decorative 

goods etc. ' 

"" It is also applicable to* a recording material. Regardless whether the substrate is transparent or opaque, 
the thermochromic opaque composition* laminated on'a two-dimensional substrate, can be used as a recording 
material. When laminated on a transparent film, it can' be printed or written with a hot pen, a cold pen or a ther- 
mal head. Because of the aforementioned hysteresis, the printed or written pattern can be retained within the 
predetermined temperature range, and the recording and erasure can be repeated as desired. Consequently 
the composition of the present invention has wide applications as a recording medium, or as erasable board. 



Claims 

1. A thermochromic opaque composition, composed of dispersion, in particulate manner in vinyl chloridevi- 
nyl acetate copolymer matric resin, of a reversible thermochromic material consisting of (a) an electron- 
donating color-developing organic compound, (b) a compound having a phenolic hydroxyl radical, and (c) 

* 'a compound selected from alcohols, esters, ketones and carboxylic acids, and capable of exhibiting re- 
versible change in transparency together with change in color in response to temperature variation, with 
hysteresis with a temperature difference of 10°C at minimum to 50°C between the low and high trigger 
temperatures. 

2. A thermochromic opaque composition according to claim 1, wherein said reversible thermochromic ma- 
terial is dispersed, in particles of a size within a range of 0.1 to 2.0 urn in the vinyl chloride-vinyLacetate 

' copolymer matrix resin. 

3. A thermochromic opaque composition according to claim 1 , composed with a ratio, with respect to 6 parts 
by weight of the vinyl chloride-vinyl acetate copolymer resin, of (a) electron-donating color-developing or- 
ganic compound within a range.of 0.05 to 2.0 parts by weight, (b) compound having a phenolic hydroxyl 

. radical within a range of 0.1 to 3.0 parts by weight, and (c) compound.selected from alcohols, esters, ke- 
. tones and carboxylic acids within a range of 0.5 to 5.0 parts by weight. 

4. A.thermochromic opaque composition according to claim 1, wherein said vinyl chloride-vinyl acetate co- 
polymer resin has an average molecular weight within a range from 7,000 to 50,000, and has a constituent 
monomer ratio of vinyl chloride within a range of 60 to 92% and vinyl acetate within a range of 8 to 40%. 

5. A thermochromic opaque composition according to claim 1| further comprising, with respect to 100 parts 
by weight of said composition, a dispersing agent in a ratio of 0.002 to 0.5 parts by weight. ' <: 

6. A thermochromic opaque composition according to claim 1, wherein at least 50 wt.% of the compound 
having phenolic hydroxyl radical is selected from the compound represented by the following general for- 
mula: 




wherein R1 stands for H or CH 3 , R2 stands for C n H2n+i (4 < n < 11), which is a straight-chain or branched 
chain alkyl radical, or R1 = R2 = CF 3 , and X stands for a substituent which is H or CH 3 on the aromatic 

ring. . : 

*•"■,'■ ■ • i . * , * . f . 

4 A thermochromic opaque composition according to claim 1. wherein said component (c) is one or more 
* -esters'selected from (a) esters each consisting of a monobasic fatty acid and an aliphatic or alicyclic mono- 
hydric alcohol and having 10 or more carbon atoms in total, (b) polybasic acid esters each consisting of 
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an aliphatic di- or polybasic carboxylic acid and an aliphatic or alicyclic monohydric alcohol and' having 
28 or more carbon atoms in total, (c) esters each consisting of an aliphatic di- or polyhydric alcohol and 
a monobasic fatty acid and having.26 or more carbon atoms in total, and (d) esters each consisting of an 
aromatic dihydric alcohol and a monobasic fatty acid and having 28 or more carbon atoms in total. 

A laminate member comprising, on a substrate, a laminated layer of a thermochromic opaque composition 
composed of dispersion, in particulate manner in vinyl chloride-vinyl acetate copolymer matrix resin of a 
. reversible thermochromic material consisting of (a) an electron-donating color-developing organic com- 
pound, (b) a compound having a phenolic hydroxyl radical, and (c) a compound selected from alcohols 
esters, ketones and carboxylic acids, and capable of exhibiting reversible change in transparency together 
with change in color in response to temperature variation, with hysteresis with a temperature difference 
of 10 ° c at minimum to 50°C between the low and high trigger temperatures. 

9. A laminate member according to claim 8, wherein said substrate is a transparent substrate. 

10. A laminage member according to claim 8, wherein said substrate is composed of a material showing va- 
rious optical properties, such as lustre, lustrous reflectance, optical interference, iridescence, holographic 
property, metallic lustre, pearUustre or fluorescence. 

■ . ■ , i * 

11. A laminate member according to claim 8, wherein said substrate is provided thereon with an undercoat 
layer consisting of methacrylic resin with the glass transition point at least equal to 90°C. 

12. A laminate member according to claim 8, wherein the layer of the thermochromic opaque composition is 
provided thereon with a layer consisting of transparent methacrylic or acrylic resin or copolymer resin 
thereof, soluble in alcohol or aliphatic hydrocarbon. 

13. A three-dimensional article capable of concealing or revealing the interior, of which at least a part is com- 
posed of the laminate member according to claim 8. 9, 11 or 12. whereby an object inside said article can 
be concealed or revealed in response to temperature variation. 

30 14. A three-dimensional article according to claim 13, which is a toy, a stationary article or a teaching aid. 
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@ Thermochromic opaque composition and uses thereof. 

(57) There are provided a thermochromic opaque 
composition capable of exhibiting change in 
transparency together with change in color in 
response to temperature variation, a laminate 
member employing the same, and a three- 
dimensional article capable of concealing and 
revealing the. interior, utilizing the laminate 
member. 

The . thermochromic . opaque composition is 
formed by dispersing a thermochromic ma- 
terial, capable of developing and erasing color 
by an electron donating-accepting reaction, in 
small particles in vinyl chloride-vinyl acetate 
matrix resin. 

The above-mentioned structure . realizes re- 
versible change in transparency, together with 
change in color, in response to temperature 
variation, with hysteresis with a temperature 
difference of 10°C at minimum to 50°C between 
the high and low trigger temperatures. 
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